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Abstract 
 
This paper presents the new approach to the problem of finite element mesh generation in case of constructional or technological changes 
in shape of the analysed area. The authorial method of mesh reconstruction, described in this article, creates meshes for modified areas by 
modification of mesh generated for the original areas. The following steps of reconstruction are described. These are: shape comparison, 
performed in order to detect changes and determine their types, removing these elements of original mesh that are located in modified 
parts of area and re-creating missing elements of new mesh. The authorial mesh generator, which enables to use the mechanism of mesh 
reconstruction is also described. Two examples of mesh reconstruction are presented in this article. The first example shows situation 
when constructional changes are implemented and the second one technological. These examples show that the described method allows to 
decrease time of mesh generation significantly. The last section of this article includes summary and conclusions. 
 
Keywords: Application of information technology to the foundry industry, Mesh generator, Advancing front method, Mesh  
reconstruction. 
 
 
 
1. Introduction 
 
Advanced numerical methods could be treated as the basis of 
simulations  of  physical  phenomena.  The  Finite  Element 
Method (FEM) [1], one of the most popular advanced numerical 
method,  attracts  a  lot  of  attention  in  the  scientific  community, 
though  other  methods,  such  as  the  Finite  Difference  Method 
(FDM),  Boundary  Element  Method  (BEM),  Finite  Volume 
Method (FVM), are also used.  
All  of  these  methods  depend  on  the  virtual  division  of 
analysed  area  (or  areas)  into  simple  geometrical  objects 
(elements). Sizes of these elements are significantly smaller that 
sizes of the analysed area. These elements fill up the area in some 
well-defined way. A finite elements mesh is reached as the result 
of such discretization. The process of dividing area into elements 
is performed for the purpose of transformation of mathematical 
model of the considered phenomena into its numerical model. 
The mesh generators, that are responsible for finite elements 
mesh creation, perform very important, initial part of numerical 
simulation  process.  The  finite  elements  mesh,  that  is  created 
during this process, has to satisfy whole range of requirements. 
Even if only one requirement is not fulfilled, it could result in 
impossibility of conducting the numerical simulation or it could 
cause faults. The mesh generation process is very time-consuming 
task. 
Usually, the finite elements mesh is generated only once for a 
given task. When there is a need to implement some changes in  
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the geometry of the analysed area (or areas), the finite elements 
mesh generation process has to be conducted once again from the 
beginning.  
The  commercial  engineering  simulation  packages  do  not 
enable to apply partial changes in existing finite elements mesh, 
that has been already generated. The partial finite elements mesh 
reconstruction  allows  to  reduce  time  of  preparing  task  for 
computational simulation, in particular when the shape of area is 
changed several times. 
In this paper, the authorial finite elements mesh generator is 
presented. It enables to generate meshes that consist of tetrahedral 
finite elements. This generator provides also functionality of mesh 
reconstruction after introduction of changes in the shape of the 
area.  
 
 
2.  Process  of  finite  element  mesh 
generation and reconstruction 
 
In this section, the authorial finite elements mesh generator 
for the three-dimensional areas is presented. This generator fills 
the area up with tetrahedral finite elements.  
The majority of mesh generation methods could be assigned 
to one of following categories [3]:  
  Octree Technique, 
  Delaunay Technique, 
  Advancing Front Method. 
The  generator  presented  in  this  paper  is  based  on  the 
Advancing Front Method and the Delaunay method. The process 
of mesh reconstruction after modification of the area's shape due 
to  the  constructional  and / or technological  changes  id  also 
described in this section. 
 
2.1. 3D mesh generation process  
 
The  process  of  finite  elements  mesh  generation  could  be 
divided  into  three  basic  steps.  In  these  steps,  the  following 
activities are performed: 
  partition of edges into segments, 
  partition of surfaces into triangular elements, 
  partition of areas into tetrahedral elements. 
The described finite elements  mesh generator provides also 
functionality of discretization of the two-dimensional areas into 
triangular elements. In this case, the area that is to be divided, 
have to be transcribed as two-dimensional object that is located on 
the plane created by two axis of the cartesian coordinate system. 
During  this  process,  only  two  first  steps  of  mesh  generation 
process are performed.  
The description of the shape, that is to be filled up with finite 
elements, has to be characterised by following features: 
  the area have to be closed with given number of surfaces; 
the  area that is described has to be completely bounded 
by these surfaces; 
  there could be an area or empty space, that is located into 
analysed area; this inner area or empty space has also be 
completely bounded by surfaces; 
  each of surfaces has to be described by at least one edge; 
  each edge has to be described by two nodes; 
  edges could be created from line segments or curves, such 
as  parametrical  NURBS  (Non-Uniform  Rational  B-
Spline) curves. 
 
The two dimensional mesh generator was presented in paper 
[4].  There  are  modifications  applied  to  this  generator.  This 
modifications relies on building an initial mesh. This mesh is used 
to speed up the process of inserting new nodes into the mesh that 
is being created. The initial mesh protects also against faults that 
result from partitioning method. 
The  process  of  discretization  of  surface  by  finite  elements 
starts by dividing each edge that belongs to the surface into line 
sectors. An initial mesh is created on the basis of nodes created on 
edges  during  this  discretization.  Creating  of  the  initial  mesh 
involves adding all nodes, that lie on the edges, to the mesh that is 
being created. The mesh modifications are made during adding 
following nodes. These modifications aim to such transformation 
of the created mesh so that each element that belongs to this mesh 
fulfils the Delaunay criterion. 
In the next step, triangular elements are created inside surface 
that  is  to  be  divided.  This  process  is  performed  according  to 
algorithms that are described in [4]. 
Partitioning of surface is finished with the operation of mesh 
quality improvement. This operation is realized by moving chosen 
nodes and it does not apply to the nodes that are located on the 
edges. 
The  generator  of  spatial  meshes  is  used  to  fill  three-
dimensional areas up with finite tetrahedral elements. The mesh 
generation method that is used requires building surface meshes 
on the boundary of the area. This mesh is used to create initial 
mesh,  that  consists  of  elements  consistent  with  the  Delaunay 
criterion. The initial mesh is transformed into the resulting mesh 
with use of the Advancing Front Method.  
Process of the tetrahedral finite elements generation with use 
of the Advancing Front Method is described in [5]. The same as 
in  the  case  of  two-dimensional  mesh  generation  the  described 
algorithm is enriched by module that controls locations of nodes 
using initial mesh. 
By the fact that elements belonging to both meshes (initial 
and resulting) fulfil Delaunay criterion, fast algorithms could be 
used to find out element that contains inserted node. 
 
2.2. Mesh reconstruction in case of changes in 
shape of area 
 
In  situation,  when  there  is  a  need  to  implement  some 
constructional  and / or  technological  changes  in  the  shape  of 
analysed  area,  in  traditional  approach,  the  mesh  has  to  be 
generated once again from the beginning. If the changes in area's 
shape are not significant, it is possible to use some parts of the 
finite elements mesh that has been generated for the original area   
shape, while generating new mesh. 
In this section the method of mesh reconstruction is presented. 
This method is applied when the shape of area has changed due to 
implementation of constructional and / or technological changes. 
It enables to take into consideration such modifications without  
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necessity  to  generate  new  finite  elements  mesh  for  whole 
analysed area. 
For the purpose of obtaining reconstructed mesh, shapes of 
original and modified area are compared. Particular steps of such 
comparison are: comparison of nodes, curves, surfaces and solids. 
These operations enable to determine the fragments of area, which 
shapes have changed. These parts of area have to be divided into 
finite elements again. 
Mesh reconstruction requires that the following activities are 
performed: 
  comparison  of  original  and  modified  area's  shapes  and 
determining  their intersection, 
  identification of area's parts, for which the new tetrahedral 
mesh  elements  have  to  be  generated  and  determining 
types of shape changes that have been implemented, 
  re-generation of mesh for this parts of area, which shape 
have been changed [6].  
Process  of  shape  changes  detection  aim  to  compare 
descriptions  of  two  similar  shapes.  In  the  first  step  of  the 
described procedure, elements of the original area's shape, such as 
nodes,  edges,  surfaces  and  solids,  are  assigned  to  appropriate 
elements of the modified area's shape. Part of area that has not 
been modified is obtained as the result of such operation. 
An algorithm based on undirected graphs is used to analyse 
shape modifications that have been implemented. These graphs 
map  surfaces  of  area's  shape  and  connections  between  these 
surfaces. The process of shape analysis is realised by comparison 
of two graphs created on the basis of original and modified areas 
shape. 
Two sets are obtained as the results of described comparison. 
These sets contains: 
  transformed surfaces, that have been modified, but some 
of their edges has not been changed, 
  transformed  surfaces,  which  shape  has  changed 
significantly;  usually  there  are  surfaces  that  were 
transformed into a few other surfaces. 
These  sets  are  used  in  the  next,  following  steps  of  mesh 
reconstruction process.  
For  each  surface,  that  has  been  changed  during  shape 
modification,  a  surrounding  region  is  created.  This  region 
contains  given  surface.  All  nodes  and  finite  elements  from 
original mesh that will not be put into resulting mesh lie inside 
such surrounding region.   
At  this  stage,  two  sets  are  build.  The  first  one  contains 
elements and the second one nodes that have to be removed. All 
nodes, that lie into the surrounding regions, belong to this set. 
There are also nodes, that are situated outside these regions, but 
are connected with the inner nodes by edges. If one of nodes that 
create edge lies inside the surrounding region, the second node is 
also inserted into set of nodes that are to be removed. 
All elements, that have at least one node belonging to this set, 
are inserted to the set of elements intended to removal. 
 In the next stage, the original mesh (created for original area's 
shape  before  implementing  modifications)  is  transformed  into 
resulting  mesh  with  taking  into  account  implemented 
modifications.  
Process  of  mesh  reconstruction  relies  on  rebuilding  of 
modified parts of original mesh and attaching new finite elements. 
At the last stage, elements that belongs to original mesh, but did 
not occur in resulting mesh, are removed.  
Mesh rebuilding process divides into five steps: 
  inserting nodes, 
  edges modification, 
  surfaces transformation, 
  solids rebuilding, 
  removing unnecessary mesh elements. 
 
Inserting nodes – nodes that belong to original mesh and all 
nodes of modified shape are inserted into modified mesh that is 
created. Nodes that have the same coordinates are omitted. 
 
Edges modification – transformation of edges belonging to 
modified  mesh.  The  method  of  transformation  depends  on  the 
type of modification that has been implemented. If the edge has 
been lengthened or shortened – nodes that lie on this edge and 
belong to set of nodes that are intend to removal are removed 
from edge. New nodes are created in their place. Edges that have 
been more modified, are removed and created again. New edges 
are inserted into the modified mesh. 
 
Surfaces  transformation  –  transformation  of  modified 
surfaces to adjust them to new, modified area's shape. There are 
two  types  of  surface  modification:  partial  modification  and 
complete modification. 
In the first case, surfaces that do not belong to the first group 
(partial modification) are discretized from the beginning. Finite 
elements created during this process are attached to the modified 
mesh.  Surface  discretization  is  realized  with  use  of  standard 
algorithm for generating two-dimensional meshes. 
Reconstruction  of  surfaces,  that  belong  to  partial  modified 
surfaces set is a complex and complicated operation. It is caused 
by the need of partial removal and new elements generation. 
The  example  of  surface's  shape  change  is  presented  in 
figure 1.  There  is  a  rectangle  filled  up  with  triangles.  It  is 
modified by shortening one of its longer edge a and lengthening 
the second one c. Such modification causes rotation of edge b. 
This modification is marked by dashed line in figure 1.  
 
 
Fig. 1. Surface modification  
 
The same figure shows also elements that are to be removed 
from  the  finite  elements  mesh  created  for  this  surface.  This 
elements are indicated by grey colour. Removal of these elements 
causes creation of initial region intended to mesh generation. The  
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modifications of a and c edges are implemented. Also new edge b 
is attached to the mesh. Figure 2 presents modified area that is to 
be filled up with new elements. 
 
 
Fig. 2. Area intended to re-filling with triangles 
 
Such area, build up from sections of boundaries and edges of 
remaining  elements  of  original  mesh,  constitutes  input  for  2D 
finite  elements  mesh  generation  procedure.  New  triangular 
elements are created inside this area.  After this operation, new 
triangles are attaches to triangles from original mesh that were not 
removed.  As the result of such operation, the resulting triangular 
surface mesh is obtained. This mesh is presented in figure 3. 
 
 
Fig. 3. The result of surface mesh transformation 
 
Solids  rebuilding  –  process  of  building  resulting  mesh,  in 
which parts of spatial meshes are transformed. The transformation 
is performed for these parts of area, which shapes have changed. 
This process could be also divided into two steps. The first one 
step is re-building of solids and the second one is re-generation of 
elements in new parts of area. 
The same as in the case of surfaces, re-filling new parts of 
area  with  finite  elements  is  performed  with  use  of  the  finite 
elements  mesh  generation  algorithm  used  for  whole  areas 
discretization.  
Solids  that  are  partially  modified  require  re-building  some 
fragments  of  tetrahedral  mesh.  From  the  set  of  tetrahedral 
elements intended to removal these elements are chosen, which lie 
inside given solid. Removal of these tetrahedrons causes creation 
of initial area intended to tetrahedral mesh generation. Faces of 
removed tetrahedrons constitute surface of such area. 
Triangles lying on modified surfaces of area that are to be re-
discretized, are attached to this area. It leads to arising of surface 
build  from  these  triangle.  This  surface  constitutes  boundary  of 
area that have to be re-filled with tetrahedral elements. 
The  algorithm  described  in  the  previous  section  is  used  to 
perform  this  task.  The  same  mechanism,  that  was  used  during 
generation of finite element mesh for the original areas shape, is 
used also in this case.  
When the mesh generation process is finished, both parts of 
the spatial mesh are attached to each other and constitute part of 
the resulting finite elements mesh.  
Removing unnecessary mesh elements – constitutes the last 
step  of  the  described  algorithm.  The  modified  mesh  is 
transformed to fit to modified area's shape.  
The modification of sets of edges, surfaces and solids relies 
on  arranging  these  elements  in  correct  order.  At  this  stage, 
elements  that  do  not  occur  in  modified  shape  description  are 
removed from the modified finite element mesh.  
The last step of mesh reconstruction is modification of the set 
of nodes. All nodes, that are not connected with the mesh of finite 
elements  are  removed.  During  this  procedure,  the  operation  of 
arranging nodes in correct order is also performed. The sequential 
indexes are assigned to the following groups of nodes: 
  nodes that belongs to the area's shape description, 
  nodes that lie on edges, 
  nodes that are located on surfaces, 
  nodes  that  lie  inside  solids  (inner  nodes  of  finite 
elements mesh. 
After arranging these nodes in order, nodes that do not belong 
to these groups are removed This operation finishes the process of 
mesh reconstruction in case of changes in shape of area. 
The  quality  of  meshes  obtained  during  such  process  is 
comparable to the quality of meshes obtained during full mesh 
generation process. However time required to perform this task is 
much shorter than time required to generate new mesh. 
 
 
3. Process of mesh reconstruction in case 
of  implementing  constructional  or 
technological changes 
 
The research were conducted for the model of real element, 
that consists of three areas – cast and two parts of casting mould. 
The analysed element is presented in figure 4 
 
 
Fig. 4. The shape of analysed model 
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It  is  extended  by  attaching  gating  system  located  in  the 
casting mould. This model including casting mould is presented in 
figure 5. 
Three  tetrahedral  finite  elements  meshes  were  created  for 
presented model. Sizes of elements in these meshes equal 4 mm, 
3 mm and 2.5 mm respectively. The obtained results are presented 
in table 1. 
 
 
Table 1.   
Parameters of meshes obtained during area's discretization 
Length of 
edges [m] 
Number of 
nodes [-] 
Number of  
tetrahedrons [-] 
Time of  
generation [s] 
0,0040  218 473  1 309 569  82,02 
0,0030  513 763  3 102 905  199,72 
0,0025  874 258  5 300 891  348,67 
 
 
 
 
Fig. 5. The element in casting mould 
 
 
 
 
Fig. 6. Constructional changes of analysed model - overflow 
channels 
 
Constructional  changes  were  implemented  to  this  model. 
During the initial construction process, overflow channels were 
not taken into account. The overflows have to be added to the 
existing model of casting mould. Such changes are presented in 
figure 6. 
Creating mesh for new area's shape requires time comparable 
to time required to generate mesh for the shape of area before 
shape modification. These time results are presented in table 2.  
 
 
Table 2. 
Time  required  to  generate  mesh  for  area  after  implementing 
constructional changes 
Length of 
edges [m] 
Number of 
nodes [-] 
Number of 
tetrahedrons [-] 
Time of 
generation [s] 
0,0040  216 707  1 297 883  81,24 
0,0030  513 667  3 102 532  199,25 
0,0025  874 248  5 300 696  342,43 
 
Because the changes of the analysed area's shape  were not 
significant,  it  was  possible  to  use  the  procedure  of  mesh 
reconstruction. The results obtained by applying this procedure 
are presented in table 3. There  are presented times required to 
reconstruct  mesh,  numbers  of  nodes  and    tetrahedrons  that 
belongs to the resulting meshes.  
 
 
Table 3. 
Times  of  mesh  reconstruction  after  implementation  of 
constructional changes  
Length of 
edges [m] 
Number of 
nodes [-] 
Number of 
tetrahedrons [-] 
Time of  
generation [s] 
0,0040  216 707  1 297 883  19,24 
0,0030  513 667  3 102 532  30,41 
0,0025  874 248  5 300 696  51,83 
 
The next change implemented to analysed model was adding 
drafts in shape of casting model. These rakes enable to dismantle 
casting mould without damage of casting element. These changes 
are presented in figure 7. 
 
 
Fig. 7. Technological changes of analysed model - drafts 
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The  process  of  new  mesh  generation  for  modified  model 
requires almost the same amount of time that for generating mesh 
for  model  before  implementation  of  changes.  These  times  are 
presented in table 4.  
 
Table 4. 
Times of mesh generating after implementation of technological 
changes 
Length of 
edges [m] 
Number of 
nodes [-] 
Number of  
tetrahedrons [-] 
Time of  
generation [s] 
0,0040  216 674  1 282 863  82,14 
0,0030  513 713  3 111 432  199,85 
0,0025  874 189  5 301 161  344,23 
 
Times  of  mesh  generating  with  use  of  method  that  crates 
resulting mesh by reconstruction of initial mesh, are presented in 
table 5.  
 
Table 5. 
Times  of  mesh  reconstruction  after  implementation  of 
technological changes 
Length of 
edges [m] 
Number of 
nodes [-] 
Number of  
tetrahedrons [-] 
Time of  
generation [s] 
0,0040  216 680  1 298 031  38,27 
0,0030  513 671  3 102 532  94,12 
0,0025  874 3176  5 300 583  140,12 
 
 
4. Conclusions 
 
In  the  case  when  some  constructional  or  technological 
modifications  have  to  be  implemented  to  analysed  model,  the 
finite element mesh have to be generated again for modified area's 
shape. In traditional approach, even if these changes are small, it 
is necessary to generate the finite element mesh for whole area. 
In this article the new approach to problem of finite element 
mesh  regeneration  for  areas,  which  shape  has  changed,  is 
described.  Shapes  of  areas  before  and  after  modification  are 
compared. New finite elements are created only in these parts of 
area,  which  shape  has  been  modified  by  implementing 
constructional or technological changes. The method described in 
this paper allows to decrease amount of time required to create 
mesh for modified area's shape significantly. 
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